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COMMENT

Drosophila Cajal bodies: accessories not included

A. Gregory Matera

Department of Genetics, Case Wesfern Reserve University School of Medicine, Cleveland, OH 44106

Cajal bodies are nuclear sites of small ribonucleopro-
tein (RNP) remodeling and maturation. A recent study
describes the discovery of the Drosophila Cajal body,
revealing some interesting insights into the subnuclear
organization of RNA processing machineries among
different species.

You’ve just bought that complicated new toy for your child and
he or she is waiting anxiously for you to assemble it. After an
hour or so, it’s ready. Your child runs off, ecstatic, but soon re-
turns, asking why it does not perform all of the miraculous
transformations they show in the advertisements. You look on
the box it came in and note the fine print: “some accessories not
included”, it says. You tell your child that the hovercraft and hy-
perspace modules cost extra and s/he will just have to make do
for now without them. Both your pet and your spouse breathe
huge sighs of relief. Meanwhile, back at the laboratory, a simi-
lar scene appears to be playing out within the nuclei of higher
eukaryotes. In this issue, Gall and colleagues (p. 875) have
characterized the Drosophila Cajal body, finally laying to rest
nagging questions about the evolution of this nuclear suborgan-
elle and opening the way for forward genetic approaches to
study its function (Liu et al. 2006).

Cajal bodies were discovered over 100 years ago by
Santiago Ramon y Cajal, who originally called them nucleolar
“accessory” bodies (Cajal, 1903). Like their larger cousin the
nucleolus, accessory bodies are prominently stained by the sil-
ver chromate impregnation method that was developed by
Camillo Golgi and later modified by Cajal. During the interven-
ing century, accessory bodies were rediscovered numerous
times in various organisms and cell types but were seldom
recognized as the structures described by Cajal. Thus, they were
variously termed: endobodies (Binnenkorper), knobs, dots,
spheres, snurposomes and, most commonly, coiled bodies (Gall,
2003). In 1999, the structures were renamed “Cajal bodies” in
honor of their discoverer. One of the reasons that Cajal bodies
and nucleoli stain so well with silver is undoubtedly because
they contain high concentrations of RNPs, which are argyro-
philic. However, unlike nucleoli, Cajal bodies do not accumulate
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ribosomal RNPs (rRNPs). Instead, they contain high concentra-
tions of small nuclear RNPs (snRNPs) and a host of other fac-
tors, most of which are thought to be involved in RNA processing
(Cioce and Lamond, 2005; Stanek and Neugebauer, 2006).

Recent evidence supports the view that Cajal bodies are
nuclear sites of RNP assembly and remodeling (Matera and
Shpargel, 2006). The maturation of Sm-class RNPs is a multi-
step process that takes place in several subcellular compartments.
The initial steps in SnRNP maturation occur in the cytoplasm,
whereas later steps take place in the nucleus. A number of RNP
remodeling factors concentrate in Cajal bodies, including the
survival motor neuron (SMN) protein complex and a class of
small Cajal body—specific RNPs (scaRNPs) that guide modifica-
tion of other snRNAs (Gall, 2003; Matera and Shpargel, 2006).
Thus, Cajal bodies appear to be nuclear waystations along the
snRNP maturation pathway.

In addition to high concentrations of small RNPs and the
SMN complex, vertebrate Cajal bodies are most often identified
by the presence of a protein called coilin (Gall, 2003). Although
coilin knock-out mice display significant viability and fertility
defects, a fraction of the homozygous mutant animals survive
(Tucker et al., 2001). Studies of cells derived from these ani-
mals reveal that coilin is required not only for the integrity of
the Cajal body, but for recruitment of the SMN complex to these
structures as well (Matera and Shpargel, 2006). In the absence
of coilin, the various factors that normally accumulate in Cajal
bodies instead self-assemble into at least three distinct “residual”
structures (Tucker et al., 2001; Jady et al., 2003). These findings
raised questions about cells derived from species that lack an
identifiable coilin orthologue.

Is the Cajal body a universal structure? When grown un-
der certain conditions, budding yeast nucleoli contain domains
that resemble Cajal bodies in several details (Verheggen et al.,
2002). Plant cells typically display very prominent Cajal bodies
(Shaw and Brown, 2004), and a distant coilin homologue can
be detected in several plant genomes (Tucker and Matera, 2005).
However, the genomes of both Drosophila and Caenorhabditis
elegans apparently do not contain coilin, and histological stud-
ies of the nuclei of these organisms have not revealed clear mor-
phological candidates. The Gall laboratory therefore set out to
answer the question of whether or not Drosophila contain Cajal
bodies (Liu et al., 2006).

Using markers diagnostic for these structures in vertebrates,
Liu et al. (2006) found that Drosophila cells contain several distinct
nuclear bodies, one of which contains the U2 spliceosomal snRNP,
the U85 scaRNP, as well as the SMN protein. The authors argue
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Figure 1. A schematic of Cajal bodies and their relationship to nucleoli in yeast, fly, frog, and human. The various components that are known to
accumulate in these structures are shown; question marks denote those that have not be experimentally demonstrated. The yeast nucleolar body (herein
referred to as a Cajal body) is the least well studied of the four. Only two endogenous factors are known to accumulate in this structure, snoRNPs and
the trimethylguanosine synthase protein, Tgs1. Interestingly, when human SMN s ectopically expressed (budding yeast do not encode a recognizable
homologue) it accumulates in the Cajal body. Amphibian oocyte nucleoli are extrachromosomal. In the oocyte germinal vesicle, the Cajal body has a
modular structure composed of B-type “snurposomes” and a Cajal body matrix that contains, among many other factors, coilin and the U7 snRNP.
B-type inclusions are shown within the matrix of the frog Cajal body; Atype snurposomes are thought to accumulate only U1 snRNPs. Somatic Cajal
bodies have not been well studied in the frog. A conserved feature among Caijal bodies in humans, flies, and frogs is a frequent association with the
cell cycle-dependent histone gene clusters. Human Cajal bodies additionally associate with snRNA genes and telomeres. Moreover, a class of small
Caijal body-specific RNPs (scaRNPs), including telomerase, accumulate in human Cajal bodies. Thus, human Cajal bodies appear to have more
accessories hanging in and around them than do the respective structures in other eukaryotes. Now that the Cajal body has been identified in the fly,

a clearer evolutionary picture is sure to emerge.

convincingly that this domain is the Drosophila Cajal body equiva-
lent. However, the distribution of the U7 snRNP, which is a major
Cajal body constituent in vertebrates, differed in the fly. The U7
snRNP was found to accumulate in a separate nuclear subdomain
that is constitutively associated with the major histone gene cluster
on chromosome 2L. Although Drosophila U7 snRNPs are displaced
from the Cajal body proper, the U7-containing body is typically
located adjacent to the Cajal body (Liu et al., 2006). Similarly,
vertebrate Cajal bodies also associate with the U7-dependent (i.e.,
cell cycle—dependent) histone gene clusters (Matera and Shpargel,
2006). The organization of various Cajal body components in
yeast, fly, frog, and human is outlined in Fig. 1. Several themes
emerge from this comparison: Cajal bodies contain high concentra-
tions of RNPs, they are typically located in or around nucleoli, and
they often associate with the major histone gene clusters.
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Several differences are also apparent, raising a number
of questions with regard to the localization of Cajal body
components among the various species (Fig. 1). For example,
do yeast spliceosomal snRNAs accumulate in the nucleolar/
Cajal body? Human Cajal bodies associate with telomeres
and snRNA genes; do Drosophila Cajal bodies associate with
other genomic loci? Where are the small nucleolar RNPs
(snoRNPs) assembled and what factors tether the SMN pro-
tein to Cajal bodies in Drosophila? In coilin knockout mice,
the snoRNPs and SMN complexes localize to distinct nuclear
bodies (Tucker et al., 2001). Do fruit flies contain a snoRNP-
specific nuclear body?

Originally termed the “U7 nuclear body,” the discovery of
this structure in Drosophila raised some nomenclature issues.
In vertebrates, the U7 snRNP does not accumulate within a



separate nuclear body, but localizes in the Cajal body itself (Fig. 1).
Because Cajal bodies are often adjacent to the histone gene
clusters in interphase nuclei, this arrangement suggests a flux of
materials between the two locations. In mammals, the histone
gene clusters are constitutively marked by nuclear foci that
contain high concentrations of histone-specific transcription
factors, called HiNF-P and NPAT (Miele et al., 2005). Although
the homologous factors have yet to be discovered in the fly, the
prediction is that they exist and will colocalize with the histone
gene clusters. Because the U7 snRNP is not constitutively asso-
ciated with the histone gene clusters, and given that we don’t
presently know whether the U7-rich structures in the fly are
morphologically distinct at the ultrastructural level, the original
nomenclature did not stress the conserved features of the system.
In light of these issues, Gall and colleagues have decided to call
these structures “histone locus bodies” (Liu et al., 2006). The
discovery of the novel foci in the fly suggests that, in the absence
of coilin, mammalian U7 snRNPs would localize to the histone
locus body.

Nomenclature aside, we are left with the question as to
why the machineries that carry out diverse (but related) RNP
assembly activities are clustered together in a single nuclear
locale in mammals but are separated in flies. Coilin appears to
be the “glue” that holds together the various nuclear bodies and
could thus be viewed as an efficiency factor that facilitates
Cajal body function. Or perhaps there may be a common Cajal
body organizer that has yet to be discovered. Is there an evolu-
tionary advantage to having all of the RNP assembly modules
together in one place? Such an advantage would, necessarily,
be a species-specific one, as human Cajal bodies are presum-
ably no better than those of the fly. After all, why would you
need that hovercraft module when you already have a great
pair of wings?
| would like to thank Karl Shpargel for assistance in preparing the figure
and the entire laboratory for lively discussions of Cajal bodies and diverse
other subjects.
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